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 Life Cycle Assessment (LCA) of kerbside municipal solid waste (MSW) 
collection for hypothetical communities of ten different sizes (varying 
between 1000 and 10,000 inhabitants, incremented by 1000).
 The MSW kerbside collection model was defined in a previous study.
Main aim of the study
Introduction
 The design percentage of separate collection was supposed 70% for 1000 inhabitants and 
55% for 10,000 inhabitants, with linearly interpolated values for the intermediate utilities.
 The per capita MSW production was assumed linearly increasing from 1.1 
kg/inhabitants/d, for 1000 inhabitants, up to 1.3 kg/inhabitants/d for 10,000 inhabitants.
The MSW kerbside collection model 
Per capita MSW production and % of collection
 Percentage MSW composition for the ten hypothetical served municipalities 
The MSW kerbside collection model
Composition analysis
MSW components
Number of served inhabitants
1000 2000 3000 4000 5000 6000 7000 8000 9000 10,000
Organic 45.0 43.3 41.6 40.0 38.3 36.6 35.0 33.3 31.6 30.0
Green 3.00 2.89 2.78 2.67 2.56 2.44 2.33 2.22 2.11 2.00
Paper and cardboard 3.00 3.44 3.89 4.33 4.78 5.22 5.67 6.11 6.56 7.00
Plastics 2.00 2.22 2.44 2.67 2.89 3.11 3.33 3.56 3.78 4.00
Metals 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Glass 13.0 12.4 11.8 11.3 10.7 10.2 9.67 9.11 8.56 8.00
Textiles 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96
Bulky and durable 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Batteries 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Expired medicines 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Separate collection 70.0 68.3 66.6 65.0 63.3 61.6 60.0 58.3 56.6 55.0
Dry residue 30.0 31.6 33.3 35.0 36.6 38.3 40.0 41.6 43.3 45.0
Total 100 100 100 100 100 100 100 100 100 100
 Timing and frequency of collection:
 kerbside mono-collection for
 organic (three times a week),
 paper and cardboard (once a week)
 dry residue (twice a week)
 joint kerbside collection for
 plastics, aluminium and tinplate 
(once a week)
 on-call service for
 bulky materials and WEEE
 bring separate collection for
 glass,
 batteries and expired medicines,
 textiles. 
The MSW kerbside collection model 
Timing and frequency of collection
 The model was based on the hypothesis that a MSW collection centre was 
not present.
 It was assumed the presence of a transfer area in which the satellite 
vehicles (only equipped with a back collection tank) could download the 
materials within the compactors, for onward transportation to the final 
destination. 
The MSW kerbside collection model 
Absence of separation collection centres




 Composition and technical-economic characteristics of the vehicles
adopted for the collection of the MSW components for the ten cases.
The MSW kerbside collection model 
Vehicles adopted for collection and transport
Type of collection vehicle
Annual cost (€/year)
Management Amortization Total
3 m3 satellite vehicle 11,745 5876 17,621
4 m3 satellite vehicle 12,465 6913 19,378
5 m3 satellite vehicle 13,185 7950 21,135
8 m3 compactor 15,780 8641 24,421
20 m3 compactor 26,610 15,554 42,164
30 m3 compactor 35,430 22,467 57,897
Truck with crane 25,515 22,467 47,982
Cab 7785 6913 14,698
Equipped van 7770 2592 10,362
Bin washer 19,353 21,602 40,956
 The number of collection vehicles for each 
MSW component depends on the following 
variables:
 load capacity of the vehicle; 
 discharge time of the satellite vehicle; 
 remaining time of the satellite vehicle; 
 time for the transport to MSW facilities; 
 weight per unit of volume of each 
MSW component; 
 compaction coefficient of the 
compactor for each MSW component; 
 maximum hourly capacity of collection 
of the operator for each MSW 
component.
The MSW kerbside collection model 
Variables influencing the number of vehicles
 Load capacity of the vehicle: it is an intrinsic characteristic of the vehicle. 
 Discharge time of the satellite vehicle: it is equal to the time needed to reach the 
compactor, to download and return to collect: it was assumed equal to 30 min. 
 Remaining time of the satellite vehicle: it is the time required to return to the 
garage at the end of service: it was assumed equal to 30 min. 
 Time for the transport to the MSW facilities: it represents the time required by 
the compactors, the vehicle with crane, the cab and the equipped van to transport the MSW 
components to the treatment and disposal facilities: it was assumed equal to 2 h. 
The MSW kerbside collection model 
Technical assumptions
 Values of the weight per unit of volume of the materials collected, 
maximum hourly capacity of collection for each MSW component 
(kg/h/worker), compactors compaction coefficient for each MSW 
component.
The MSW kerbside collection model 
Technical assumptions















Glass 250 - -
Dry residue 120 450 6
The MSW kerbside collection model 
Distances covered by the vehycles
 The adopted model schematizes the territory according to a regular pattern 
with the population and collection points (the houses) evenly distributed.
 The modeling of each municipality made it possible to calculate the 
distances covered by the vehicles.
The MSW kerbside collection model 
Treatment and disposal facilities
 Flow chart of the MSW management system with treatment and disposal
facilities.
Goal and Scope definition
Function, Functional Unit and Reference Flow
 The Function of the LCA study:
 the activities of MSW components delivery by citizens and the 
subsequent collection and transport to the MSW facilities.
 The Functional Unit (quantified performance of a product system for use as 
a reference unit):
 one ton of waste with a defined composition.
 The Reference Flow (measure of the outputs from processes in a given 
product system required to fulfil the function expressed by the functional 
unit):
 the amount of waste treated in a year. 
Life Cycle Inventory
Primary and Secondary data
Process Material Ecoinvent System Process 
Recycling  
Aluminium Alluminium, secondary, from old scrap, at plant/RER  
Steel Steel, electric, un- and low-alloyed, at plant/RER  
Glass Packaging glass, green at plant/RER  
Paper Paper, recycling, no deinking, at plant/ RER  
Composting Organic Compost at plant/ CH  
Landfill 
Glass Disposal, inert material, 0% water, to sanitary landfill/CH  
Paper Disposal, paper, 11.2% water, to sanitary landfill/CH  
Plastics Disposal, plastics, mixture, 15.3% water, to sanitary landfill/CH  
PE plastic Disposal, polyethylene, 0.4% water, to sanitary landfill/CH  
PET plastic Disposal, polyethylene terephtalate, 0.2% water, to sanitary landfill/CH  
Incinerator 
Paper Disposal, paper, 11.2% water, to municipal incineration/CH  
Plastics Disposal, plastics, mixture, 15.3% water, to municipal incineration/CH  
PE plastic Disposal, polyethylene, 0.4% water, to municipal incineration/CH 
PET plastic Disposal, polyethylene terephtalate, 0.2% water, to municipal incineration/CH  
 
 Specific Ecoinvent 2 System Processes used for modeling the main wastes 
treatment processes adopted in MSW management scenarios considered:
Life Cycle Inventory
Primary and Secondary data
 Main characteristics of the mechanical and biological treatment (MBT)
(Arena et al., 2003) and plastics recycling facilities (considering the 
consumption per t of recycled plastic material) (Rigamonti and Grosso, 2009) 
adopted in MSW management scenarios considered:
Meccanical - Biologcal Treatment (MBT) 
General Characteristics 
Polyethylene film (kg)/kg RDF Water (l)/kg RDF Diesel (MJ)/kg RDF Electricity (MJ)/kg RDF 
1.6 E-4 0.088 0.01 0.083 
Plastics Recycling Processes 
General Characteristics 
Plastic Fraction Fuel (Kwh/t) Natural Gas (MJ/t)   
HDPE plastic  379 650  
PET plastic  258 2500  
Mix plastic  381 650   
 
Life Cycle Inventory
Primary and Secondary data
 Specific Ecoinvent 2 System Processes used for modeling the vehicles 
required for separate collection in the town (Internal Transport) and for 
subsequent waste transport to treatment plants (External Transport):
 Collection (Internal transport)
 Transport, lorry 3.5-7.5t, EURO3/RER S (load factor 50%)
 Transport, lorry 3,5-7,5t, EURO3/RER S (load factor 50%)
 Transport, lorry 7,5-16t, EURO3/RER S (load factor 50%)
 Transport, lorry 16-32t, EURO3/RER S (load factor 50%)
 Transport, lorry >32t, EURO3/RER S (load factor 50%)
 Transport to the MSW facilities (External transport)
 Transport, lorry >32t, EURO3/RER S
Life Cycle Impact Assessment
Impact assessment methods
 The LCA software tool SimaPro and the following three impact 
assessment methods are used:
 Recipe 2008,
 Ecological footprint
 IPCC 2007. 
 Recipe 2008 has been considered in terms of four damage end-point 
categories (Human Health, Ecosystems, Resources, Total), with 
reference to three different perspectives (Individualist, Hierarchist and 
Egalitarian), altogether providing twelve impact categories. 
 Ecological footprint has been evaluated in terms of four impact 
categories (Land occupation, Carbon dioxide, Nuclear, and Total). 
 IPCC 2007 has been considered for three time horizons (20 year, 100 
year, and 500 year). 
The main results
ReCiPe 2008
 For all the assessment methods applied, the per capita impacts were 
found to be quite steady up to the threshold of 5000 inhabitants, which 
is typically defined as a ‘‘little municipality’’ in Italy.
 Based on ReCiPe 2008, the medium-term perspective Hierarchist, the 
major avoided impacts were found to be in terms of facilities.
The main results
Ecological Footprint
 Based on Ecological Footprint method, vehicles related impacts were 
found to be growing with the number of inhabitants; analogously, avoided 




 The percentage incidence of facilities and vehicles were found to be about 
40% and 60% respectively in terms of Carbon Footprint (IPCC 2007 for 
100 years).
Conclusion
The way to go is very long and uphill
before we reach the goal!
DATA
The man 
of the LCA
